ABSTRACT: Dietary inclusion of salts of organic acids may modulate intestinal microbiota and enhance performance of pigs. Published data on the effects of potassium formate (KF; pH 6.0-8.5) on pig performance are scarce compared with that of potassium diformate (KDF; pH 4.1-4.5). Therefore, the objective was to evaluate the effects of KDF or KF supplementation on performance of 8-to 22-kg pigs. A 35-d growth trial was conducted with 144 PIC pigs (initial BW of 7.9 ± 0.69 kg) with 6 pigs (3 gilts and 3 barrows) per pen and 8 pens per treatment. Pigs were assigned to 3 diets based on corn (Zea mays), wheat (Triticum aestivum), and soybean (Glycine max) meal for each of the prestarter (days 1-14) and starter phases (days 15-35). The basal diet was supplemented with KDF at 1.20% or KF at 1.56% replacing corn starch to create diets 2 and 3, respectively, to provide a constant formate content. The ADG and feed conversion ratio (FCR) were not affected by the addition of KDF or KF during the prestarter phase. Addition of KDF or KF to the basal diet increased (P < 0.01) ADG and fi nal BW and improved FCR (P < 0.05) during the starter and the overall 35-d period. The ADFI was not affected by the treatments. Performance of pigs fed diets supplemented with KF and KDF were similar. Diarrhea incidences were observed during week 1 but no differences were observed (P > 0.05) among treatments in term of the number of antibiotic treatments or fecal consistency scores. Overall, the supplementation of 1.56% KF or 1.20% KF improved performance of weaned pigs.
INTRODUCTION
In-feed antibiotics (AB) have been used as growth promoter but because of concerns about bacterial resistance to antibiotics, the use of AB as growth promoter has been banned in the European Union since 2006. There is also a general trend toward lowering the use of in-feed AB in other countries. Therefore, alternatives to in-feed AB are required. Among other feed additives, organic acids have been proposed as one of the alternatives.
It has been reported that the dietary inclusion of organic acids can modulate intestinal microbiota and improved performance of pigs (Partnanen and Morz, 1999) . Additions of formic acid and formates in diets have been demonstrated to improve growth of pigs (Paulicks et al., 1996 (Paulicks et al., , 2000 . The mode of action of a dietary formate is understood to be due to an improved balance among the intestinal microfl ora and a higher potential to use the ingested dietary protein and energy (Kirchgessner et al., 1997 ) and 54% (HCOO -); pH 6.0-8.5]. However, published data on the effects of KF addition on performance of pigs are scarce. We hypothesized that pig performance will be similar with dietary supplementation of equal formate as KDF or KF. Therefore, the objective of the current experiment was to evaluate the effects of KDF or KF supplementations on growth performance of 8-to 22-kg pigs.
MATERIALS AND METHODS
The study was conducted at a commercial farm located in Segovia (Spain). A total of 144 pigs weaned at 28 d of age with initial BW of 7.9 ± 0.69 kg were used Published January 23, 2015 in a 35-d growth trial. Pigs were housed in a temperaturecontrolled nursery room with 6 pigs (3 barrows and 3 gilts) per pen and 8 replicate pens per treatment. The room temperature was controlled at a suboptimal temperature of 26°C during week 1 and gradually reduced by 1°C per wk to create a challenge condition. The experimental diets were a basal diet or the basal diet supplemented with KDF (1.20%) or KF (1.56%) to supply 0.84% formate at the expense of corn starch.
Diets were formulated based on corn, wheat, soybean meal, and whey powder to be adequate in all nutrients including AA and energy (NRC, 1998) for each of the prestarter [1.25% standardized ileal digestible (SID) Lys, 10.3 MJ/kg NE; days 0-14] and starter (1.12% SID Lys, 10.1 MJ/kg NE; days 15-35) phases (Table 1) . The analyzed AA contents of ingredients and the SID coeffi cients [AMINODat 4.0 (Evonik Industries, 2010) ] were used in the actual diet formulations. The diets contained no AB. Pig BW and pen feed disappearance were recorded at 7-d intervals to calculate ADG, ADFI, and feed conversion ratio (FCR). Fecal consistency score (0 = normal, 1 = slight diarrhea, 2 = moderate diarrhea, and 3 = severe diarrhea) and number of medications per pen were recorded daily. All pigs were cared for according to laws and regulations controlling experiments with live animals in Spain.
Ingredients and diets were analyzed for CP (N × 6.25) using a Leco FP-2000 analyzer (Leco Corp., St. Joseph, MI) and AA (Llames and Fontaine, 1994) . Data were analyzed by ANOVA using GLM procedure of SAS (SAS Inst. Inc., Cary, NC) with pen as the experimental unit. The model included diet as the fi xed effect and initial BW as a covariate. Preplanned contrasts were used to determine the effects KDF and KF on performance, fecal score, and medication frequency. Differences were considered signifi cant if P < 0.05 using the LSMEANS statement. 
RESULTS AND DISCUSSION
The analyzed CP and AA contents (Table 1) of experimental diets were in agreement with calculated values. Performance results are presented in Table 2 . The ADFI was not affected by the treatments in the prestarter, starter, or overall periods. The ADG, FCR, and BW (day 14) were not affected by the addition of KDF or KF during the prestarter phase (days 0-14). However, performance of pigs fed the basal diet was the lowest and addition of KDF or KF to the basal diet increased (P < 0.01) ADG and improved FCR (P < 0.03) during the starter (days 15-35) and the overall 35-d periods, which agrees with Paulicks et al. (1996 Paulicks et al. ( , 2000 .
The fi nal BW (day 35) also increased (P < 0.01) by additions of KDF or KF to the control diet. However, the ADG and FCR were not different (P > 0.05) among pigs fed a diet supplemented with 1.20% KDF or 1.56% KF during the prestarter, starter, and overall periods, which supports Mroz et al. (2002) who observed similar body N retention of pigs fed a diet supplemented with KDF or KD on equi-formate basis.
Diarrhea incidences were observed mainly during week 1 and about 30% of pigs required medications to treat diarrhea. However, the fecal consistency score as well as the number of required antibiotic treatments was not different (P > 0.05) among treatments (Table 3) . During the prestarter phase, ADFI and ADG were below optimal level likely due to suboptimal room temperature. The FCR tended to be better with KDF or KF addition during the prestarter phase but the positive effects of formate additions on ADG and FCR were observed only during the starter or overall 35-d periods possibly due to a low level ADFI during the prestarter phase.
In conclusion, the dietary supplementation of 1.20% KDF or 1.56% KF improved the ADG and FCR of 8-to 22-kg pigs raised under suboptimal conditions. Performance of pigs fed diets supplemented with 1.56% KF was not different and similar to those achieved with 1.20% KDF addition. 
